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Abstract: The perspective from where the world is perceived is an important aspect of the bodily self
and may break down in neurological conditions such as out-of-body experiences (OBEs). These strik-
ing disturbances are characterized by disembodiment, an external perspective and have been observed
after temporoparietal damage. Using mental own body imagery, recent neuroimaging work has linked
perspectival changes to the temporoparietal cortex. Because the disembodied perspective during OBEs
is elevated in the majority of cases, we tested whether an elevated perspective will interfere with such
temporoparietal mechanisms mental own body imagery. We designed stimuli of life-sized humans
rotated around the vertical axis and rendered as if viewed from three different perspectives: elevated,
lowered, and normal. Reaction times (RTs) in an own body transformation task, but not the control
condition, were dependent on the rotation angle. Furthermore, RTs were shorter for the elevated as
compared with the normal or lowered perspective. Using high-density EEG and evoked potential (EP)
mapping, we found a bilateral temporoparietal and frontal activation at 330–420 ms after stimulus
onset that was dependent on the rotation angle, but not on the perspective. This activation was also
found in response-locked EPs. In the time period 210–330 ms we found a temporally distinct poste-
rior temporal activation with its duration being dependent on the perspective, but not the rotation
angle. Collectively, the present ﬁndings suggest that temporoparietal and frontal as well as posterior
temporal activations and their timing are crucial neuronal correlates of the bodily self as studied by
mental imagery. Hum Brain Mapp 30:1801–1812, 2009. VC 2009 Wiley-Liss, Inc.
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INTRODUCTION
The perception and cognition of the positions, actions,
and intentions of other people as well as those of oneself
are important skills and enable humans to distinguish self
from other. Recent years have seen a renewed interest of
neurobiological research into the self and how it is
grounded in mechanisms of bodily perception and cogni-
tion [Gallagher, 2000; Jeannerod, 2003; Vogeley and Fink,
2003]. The human body (of others as well as one’s own)
provides a particularly rich source of perceptual informa-
tion and recent neuroimaging research has unraveled sev-
eral brain mechanisms involved in the visual perception
and recognition of human bodies [Allison et al., 2000;
Downing et al., 2001; Thierry et al., 2006; Urgesi et al.,
2007], either of one’s own or of others [Ehrsson et al.,
2004; Keenan et al., 2001; Sugiura et al., 2005]. These stud-
ies revealed the existence of an extended cortical network
encompassing extrastriate areas, temporoparietal and pari-
etal cortex, as well as medial and lateral frontal regions.
Another line of research has studied mental imagery
with respect to human bodies. Mental imagery or mental
transformation is the ability to imagine the transformation
of an object (or a human body) in space and is essential in
many everyday cognitive tasks such as spatial reasoning,
action planning and problem solving [Corballis, 1997; She-
pard and Hurwitz, 1984]. Concerning human bodies, Par-
sons [1987] showed that the time required to mentally
simulate a change from one’s actual position and perspec-
tive to that of another depicted human body is similar to
the time taken to actually perform that position and per-
spective change. Only few studies have investigated the
neural mechanisms underlying the mental transformation
of human bodies [Blanke et al., 2005; Parsons, 1987; Zacks,
2002; Zacks et al., 1999], although many have studied men-
tal transformation of nonbodily objects [i.e. Harris et al.,
2000; Jordan et al., 2001; Kosslyn et al., 1994; Pegna et al.,
1997; Podzebenko et al., 2002]. Using schematic line draw-
ings of human bodies and performing functional magnetic
resonance imaging (fMRI) during a mental own body
transformation task, Zacks et al. [1999] revealed increased
activation in temporo-occipital and temporoparietal cortex,
with a left hemisphere predominance. Using EP mapping
and electrical neuroimaging, Blanke et al. [2005] showed
that such own body transformations activate temporopar-
ietal cortex during a time period 330–400 ms after stimu-
lus onset, and that this activation was not found during
control tasks not requiring mental own body transforma-
tions [Blanke et al., 2005].
Other neuroimaging studies focused on the manipula-
tion of the perspective during mental imagery and
revealed activations within a network of brain areas
including precuneus, prefrontal cortex, somatosensory cor-
tex [Ruby and Decety, 2001], as well as right premotor cor-
tex, superior temporal cortex, and cingulate cortex [David
et al., 2006; Vogeley et al., 2004]. It is likely that subjects
imagined changes in perspective and position jointly
during most aforementioned studies, independently of
whether investigators focused on body transformations or
perspective changes. Arzy et al. [2006], however, manipu-
lated the mental transformation of body position and per-
spective separately, asking subjects to image a perspective
change from their actual body position (‘‘embodied’’ con-
dition with only an imagined perspective change) or from
the position of another human body (‘‘disembodied’’ con-
dition with an imagined body position and perspective
change). They found that activation in temporoparietal
cortex at 367 ms was associated with an imagined per-
spective and position change in the disembodied condi-
tion, whereas an earlier activation at 318 ms in temporo-
occiptal cortex was associated with the imagined perspec-
tive change in the embodied condition.
Data from autobiographical memory studies also show
that during recall of distant and emotionally loaded mem-
ories an external and disembodied perspective is fre-
quently used [Nigro and Neisser, 1983]. Interestingly, data
from neurological patients with OBEs show that in most
instances of such disembodiment an elevated perspective
is experienced visually, whereas a lowered or eye-level
perspective is only reported in extremely rare cases
[Blanke and Mohr, 2005; Blanke et al., 2004; Brugger et al.,
1997; Devinsky et al., 1989]. Based on these data, we
hypothesize a preference for an elevated perspective in
certain disembodied conditions (like neurological OBEs or
disembodied mental imagery) that is open to experimental
control and can be characterized using electrical neuro-
imaging. Since mental imagery performance can be
accessed at the behavioural level in terms of differences in
RTs, which are also reﬂected in differences in brain activa-
tion [Arzy et al., 2006; Blanke et al., 2005], here we use
high-density electrical neuroimaging (the method of choice
for investigating the dynamics of neuronal processing) and
focus on own body transformations. We use disembodied
conditions and characterize the effects of the perspective
(normal eye-level, elevated, and lowered) from which the
imaged perspective and position change is performed.
MATERIALS AND METHODS
Participants
Eleven healthy volunteers (ﬁve males; aged 18–24 years;
mean  SD, 21.18  2.27 years) participated in the experi-
ment. All participants were right-handed, and had normal
or corrected-to-normal vision. Written informed consent
was provided to participate in the experiment, which was
approved by the Ethical Committee of the University Hos-
pital of Lausanne (conform to the Declaration of Helsinki).
Stimuli and Procedure
We generated images of human ﬁgures that were
rotated around their vertical (yaw) axis and depicted from
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three different points of view (Fig. 1), corresponding to the
perspectives from which the own body transformations
had to be performed. The ﬁgures were always shown as if
seen from a position that was 3 m behind the ﬁgure (ﬁxa-
tion point was at the height of the belly button). The point
of view was changed by manipulating the pitch angle
from which the participant had the impression of looking
at the ﬁgure. This was either (1) as if looking down at the
ﬁgure from an elevated perspective (rotated 60 upwards,
‘‘elevated’’), (2) as if looking up at the ﬁgure from a low-
ered perspective (rotated 60 downwards, ‘‘lowered’’) or
from the normal, ‘‘eye-level’’, perspective. The stimuli
were presented in a circular aperture (Fig. 1) and in life-
size (as if the ﬁgure was actually viewed from a 3-m
distance).
Participants were seated 2 m in front of the screen in a
dimmed room. Each trial started with a ﬁxation point
shown in the center of the aperture for a random duration
of 500–1,500 ms. Then, a stimulus was presented for 200
ms [Arzy et al., 2006; Blanke et al., 2005]. In the own body
transformation task (OBT) the participants were asked to
indicate, as fast and accurate as possible, whether the
extended arm is the left or right arm of the ﬁgure, after
having imagined themselves to be at the location of the
shown ﬁgure, as if the shown body were their body. We
also tested a control condition, based on previous data
[Blanke et al., 2005]. In this lateralization control task
(LAT) the subjects were asked as to whether the extended
arm is to the left or right of the midline of the screen
(aligned with their own midline). After 200 ms the stimu-
lus disappeared and only the empty circular aperture was
shown. The participants responded by pressing either the
left or the right button on a response box with their digit
and middle ﬁnger. Five participants used the left hand,
while six used the right hand. After the response the next
trial started with the presentation of the ﬁxation point.
There were eight different rotation angles (rotation
angles: 0, 45, 90, 135, 180) and three different vis-
ual perspectives (perspective; elevated, lowered, normal).
In order to calculate the mean EP we combined clockwise
and counter-clockwise rotations, which resulted in 5
angles. Therefore each of these 3  5 conditions was
repeated 90 times in the OBT, randomized within a given
block keeping only the perspective constant. For the rota-
tion angles 45–135 we showed both clockwise and coun-
ter-clockwise rotated stimuli. In the LAT, however, each
condition was shown only 30 times, because based on
behavioural pilot studies we expected the perspective to
affect the RTs in the OBT, but not in the LAT. Hence, for
the LAT an EP could be computed for each rotation angle,
Figure 1.
Stimuli and experimental setup.
Examples of visual stimuli (always
ﬂashed for 200 ms) used in both
the OBT and LAT with varying
rotation angles (from left to right:
45, 90, 180) and different per-
spectives (from top to bottom:
eye-level, elevated, lowered). The
stimuli were presented on a large
back-projection screen (3 m 
2.5 m) in ’’life size‘‘, i.e. as if
viewed from a distance of 3 m.
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but averaged over all perspectives. However, while this
allowed for comparing EPs between the OBT and LAT for
different rotation angles (Fig. 3a), effects speciﬁc for the
perspective could only be investigated within the OBT
(Fig. 4a). We also made this compromise, because other-
wise the duration of the whole experiment would have
been too long (>1.5 hours). After an initial training, we
presented the stimuli to the subjects in blocks in the fol-
lowing sequential order: 2  OBT, 1  LAT, 2  OBT, 1 
LAT, 2  OBT, 1  LAT. The perspectives in the blocks
were held constant, but were randomized across the
blocks.
EEG Recording
The continuous EEG was acquired with an ActiveTwo
system (Biosemi, The Netherlands) from 256 electrodes
(recorded at 2,048 Hz and downsampled to 512 Hz for fur-
ther processing, bandpass-ﬁltered from 0.1 to 40 Hz). Only
the EEG epochs of correct responses were used to calculate
stimulus- and response-locked EPs. Each epoch was visu-
ally inspected, and artifacts due to, for example, eye-blinks
or movements of the participant were rejected. This
yielded an average of 85 (LAT) and 180 (OBT) accepted
epochs per subject for each rotation angle (when averaged
over the different visuospatial perspectives, see Figs. 3 and
5) and an average of 60 accepted epochs per subject for
each rotation angle and perspective in the OBT (see Fig.
4). Electrodes yielding unreliable or too noisy signals
(‘‘bad electrodes’’) were interpolated using the signals
form the neighboring electrodes (on average 31  12.6
electrodes per subject, corresponding to 12% or all electro-
des). The stimulus-locked EPs were calculated against the
average reference for 200 to 1,000 ms relative to the stim-
ulus onset and for 1,000 to 500 ms for the response-
locked EPs. Both the stimulus- and response-locked EPs
were baseline corrected using the time-averaged signals in
the 200 ms preceding the stimulus. The analysis was per-
formed using the Cartool software by Denis Brunet
(http://brainmapping.unige.ch/Cartool.htm) and the
MeanMachine software by Pa¨r Halje and Lars Schwabe
(http://meanmachine.sourceforge.net).
Choosing the average reference heavily inﬂuences the
waveforms at single electrodes compared with other
choices of the reference [for a recent discussion see Murray
et al., 2008]. Thus, one should be cautious when compar-
ing waveforms at the same electrode between recordings
with different references. The question of the correct refer-
ence electrode has been intensively debated in the litera-
ture [Desmedt and Tomberg, 1990; Gencer et al., 1996;
Junghofer et al., 1999; Pascual-Marqui and Lehmann, 1993;
Tomberg et al., 1990]. And the reference-problem has been
taken as a major disadvantage of EEG versus MEG [Patar-
aia et al., 2002; Wikswo et al., 1993; Williamson et al.,
1991]. Yet, many studies have shown that—while the
choice of the reference heavily inﬂuences waveform analy-
sis—it is actually irrelevant for the analysis of topographic
maps (as done in the present study) and for source local-
ization (as done in the present study) as long as the refer-
ence is correctly included in the model. This is because the
conﬁguration of the scalp topography is independent of
the reference electrode [Fender, 1997; Geselowitz, 1998;
Lehmann, 1987] in the sense that at each time step (1/512
seconds (2 ms) the shape of the activation pattern remains
constant, although the zero line may be shifted. This is
comparable to the shape of a chain of mountains, which
remains constant even if the altitude of the sea level were
to change [Murray et al., 2008; Lehmann, 1987].
EP Mapping and Distributed Linear
Inverse Solution
We applied EP mapping [Michel, 2004; Michel et al.,
2001; Murray et al., 2008], which searches for time seg-
ments of stable map topographies presumably represent-
ing stable microstates of the brain like, for example, the
common activation of a set of cortical areas. Recording
activity from many different sites simultaneously over the
scalp allows the construction of topographic maps evolv-
ing over time. These can be used to determine when map
conﬁgurations change and/or differ between experimental
conditions. The underlying assumption is that whenever
spatial conﬁgurations of the electric ﬁeld on the scalp dif-
fer, different neuronal populations are active in the brain.
For this we used a spatiotemporal segmentation algorithm
derived from spatial cluster analysis, as described previ-
ously [Pascual-Marqui et al., 1995]. This method applies a
k-means cluster analysis for identifying the most dominant
scalp topographies appearing in the group-averaged EPs
of each condition over time. This spatial pattern analysis
summarizes the whole EP data by a limited number of
scalp potential conﬁgurations. The number of maps that
explains the whole data set is determined by a cross-vali-
dation criterion which optimizes between the degrees of
freedom and the explained variance [Pascual-Marqui et al.,
1995]. The clustering algorithm considers only the spatial
pattern of the scalp activations and is independent of the
strength of the signal, which is reﬂected by the global ﬁeld
power (GFP, [Lehmann and Skrandies, 1980]). The colors
used to show the scalp maps in this article were scaled to
the same range order to ease the visual comparison of
these different patterns.
Even though this cluster analysis does not rely on any
temporal characteristics of the data, it leads to a segmenta-
tion of the EPs into discrete successive time periods. This
is due to the fact that map topographies do not randomly
change over time but remain stable in a certain conﬁgura-
tion for certain time periods. In other words, the EP is
decomposed into a sequence of stable map topographies
and we analyzed those segments in greater detail that
showed differences in their duration between the experi-
mental conditions. In all ﬁgures in this article (depicting
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results of the segmentation procedure), we show the time-
dependent GFP as a quantiﬁcation of the signal strength.
The area below the GFP curve is separated into the seg-
ments found by the clustering procedure and those seg-
ments are colored that show statistically signiﬁcant
dependencies of their duration on experimental
conditions,.
The dominant scalp topographies (identiﬁed in the
group-averaged data and shown as segments below the
GFP curves) are then ﬁtted to the EPs of each individual
subject using spatial ﬁtting procedures. For each time
point of the individual subject’s EP, the scalp topogra-
phy was compared by means of normalized spatial cor-
relation to each segmentation map and was labeled
according to the one with which the correlations was
maximal. From this ﬁtting procedure, we determined the
duration that a given segmentation map was observed
for a given condition across subjects. In particular, we
always choose the time-window from the earliest onset
until the latest offset of a map as the time window to be
considered, and selected all maps present in the group-
averaged EP as candidates to describe the EP of the par-
ticipants. The durations for the individual maps were
then subjected to statistical analysis. Consequently, the
error bars shown in Figs. 3b, 4b and 5b reﬂect the vari-
ability over subjects.
The result of a segmentation (in terms of the segments
representing stable microstates of the brain) depends on
the EP used as an input to the segmentation algorithm.
For example, in order to ﬁnd similarities or differences in
the brain activity between experimental conditions (in
terms of the timing or duration of such segments), the cor-
responding EPs should be analyzed within a single seg-
mentation procedure. Since we were interested in the
similarities and differences between the OBT and LAT as
well as possible differences within the OBT as a function
of the visuospatial perspective, we performed two separate
segmentations to investigate the related brain mechanisms.
We also performed a third segmentation for the motor-
locked EP analysis. In particular, in the ﬁrst segmentation
we segmented the EPs in the LAT for all rotation angles
together with the EPs in the OBT (Fig. 3a). Both sets of
EPs were computed by averaging the correct and artifact-
free epochs for all three perspectives. In the second segmen-
tation, we segmented the EPs of only the OBT, where we
computed an EP for each rotation angle and perspective
(Fig. 4a). In the third segmentation we computed the EPs
based on the same epochs as in the ﬁrst segmentation, but
relative to the time of the manual response (button press)
(Fig. 5a). Note that for each epoch, and before averaging,
we applied the same baseline correction relative to the stimu-
lus onset.
The neural generators for a given mean EP map were
estimated by applying a distributed linear inverse solution,
based on a local autoregressive average [LAURA, [Grave
de Peralta Menendez et al., 2001, 2004], see [Michel, 2004;
Murray et al., 2008] for an in-depth discussion of this
method as well as references therein]. Before we applied
the LAURA source localization, and only for this process-
ing step, we downsampled (by means of a 3D spline inter-
polation) the map topography from 256 to 111 electrodes.
The LAURA algorithm needs to be parameterized with,
for example, regularization and spatial smoothing parame-
ters. Our own preliminary evaluations showed that
increasing the number of electrodes from 111 to 256 affects
the choice of the range of valid parameter values, but since
the only recent availability of very high-density brain
imaging data, systematic studies and experimental tests
for the determination of these parameter values are lack-
ing. Consequently, we here used the established 111 con-
ﬁguration, because the LAURA algorithm we used has
been tested extensively for this conﬁguration.
RESULTS
Behavioral Performance
We compared the RTs of the participants in the OBT
and LAT (repeated measures ANOVA with the effects
task, rotation angle, and perspective) and found signiﬁcant
shorter RTs in the LAT than in the OBT (Fig. 2a,b, main
effect of task P < 0.001) as well as an interaction of the
task and the rotation angle (P < 0.001) with the rotation
angle strongly affecting RTs in the OBT (Fig. 2a, main
effect of rotation angle, P < 0.001), but not in the LAT
(Fig. 2a, P ¼ 0.10). This is probably due to the fact that the
participants indeed performed the OBT as requested,
which is cognitively more demanding than the LAT and
depends on the rotation angle. Note that, for example, for
the 0 rotation angle the OBT and the LAT required the
same stimulus–response mapping. However, the RTs for
0 rotation were 150 ms longer in the OBT than in the
LAT (Fig. 2a), which suggests that the participants per-
formed a mental transformation as compared with the
more simple stimulus-response mapping in the LAT. As
predicted, we also found that the perspective affected RTs
(Fig. 2b) in the OBT (repeated measures ANOVA with
effects rotation angle and perspective, main effect of per-
spective, P ¼ 0.042), but not in the LAT (P ¼ 0.83;
repeated measures ANOVA: tendency for an interaction of
task and perspective, P ¼ 0.083). In particular, the RTs in
the OBT were faster for the elevated compared with the
eye-level and lowered perspective. All RTs and results of
the posthoc paired t-tests are shown in the Supporting
Information Table S1.
Stimulus-Locked EP Mapping: Duration of Brain
Activity Related to Own Body Transformations
Depends on Rotation Angle
To characterize the neural correlates of mental own
body transformations, we segmented the group-averaged
EPs in the OBT and the LAT into stable map topographies
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(see Material and methods, ﬁrst segmentation). This
yielded two EP maps MapLAT and MapOBT at 350–410 ms,
which distinguished between the OBT and LAT condi-
tions. While MapLAT was present in the LAT for all rota-
tion angles, it was present in the OBT only for the less
demanding rotation angles 0–90 (Fig. 3a). The segmenta-
tion also revealed that MapOBT was present only in the
OBT (Fig. 3a). Statistical analysis showed that the duration
of MapOBT—between 350 and 410 ms after stimulus
onset—was correlated positively with the rotation angle of
the bodily stimulus in the OBT (Fig. 3b, repeated measure-
ments ANOVA with the effects map and rotation angle,
interaction of map and rotation angle, P ¼ 0.014). This was
not the case in the LAT (P ¼ 0.28) suggesting that MapOBT
is likely to reﬂect brain activity related to mental transfor-
mation. The linear inverse solution [LAURA, [Grave de
Peralta Menendez et al., 2001, 2004]] showed occipital acti-
vations in both MapLAT and MapOBT. Additional activa-
tions were seen for MapOBT in right posterior parietal
cortex and bilateral frontal cortex (presumably in premotor
cortex) and consistent with previous reports [Arzy et al.,
2006; Blanke et al., 2005] in inferior parietal cortex extend-
ing toward the temporal lobe in the right hemisphere (for
the linear inverse solution of MapOBT see Fig. 3b).
Stimulus-Locked EP Mapping: Brain Activity in
Own Body Transformations Depends
on the Perspective
We now consider the differences in stimulus-locked
brain activity for the different perspectives in the OBT
(where our behavioral analysis revealed perspective-
dependant RT differences). For this, we performed a sec-
ond segmentation with all 15 (three perspectives  ﬁve
rotation angles) conditions (see Material and methods,
second segmentation). This yielded MapPERS (Fig. 4a,
green segment) with its earliest occurrence at 214 ms as
well as a MapOBT2 (Fig. 4a, red segment, see below),
which ﬁrst occurred at 330 ms. When using MapPERS and
the subsequent map (Fig. 4a, blue segment) in order to
describe the EPs between 214 and 330 ms, we found that
MapPERS showed a perspective effect depending on the
rotation angle (Fig. 4b, signiﬁcant interaction between
perspective and rotation angle; repeated measures
ANOVA (rotation angle  perspective, P < 0.01). Thus,
MapPERS was shorter for the elevated compared with the
other two perspectives for the rotation angles 0–90
(posthoc paired t-tests, P < 0.01) but not for the larger
rotation angles (130 and 180 rotation; P > 0.1). The
Figure 2.
Behavioral results. (a) RTs for the OBT (upper curves) and LAT
(lower curves) for the elevated (cyan), eye-level (red) and low-
ered (black) perspective. RTs were dependent on the rotation
angle in the OBT, but not in the LAT. In the OBT we found a
perspective x rotation angle interaction in the OBT, but not in
the LAT. All error bars show the standard error of the mean
(SEM). (b) When averaged over all angles, RTs were shortest
for the elevated perspective in the OBT (566  36 ms, 592 
39 ms and 605  37 ms for elevated, eye-level and lowered per-
spectives, respectively), but almost identical in the LAT (369 
24 ms, 367  23 ms and 364  24 ms). Error bars show the
SEM. All RTs and results of posthoc paired t-tests are shown in
the Supporting Information Figure S1.
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Figure 3.
EP mapping of OBT and LAT. (a) Segments of stable map topog-
raphies in the LAT (rows 1–5) and OBT (rows 6–10) for differ-
ent rotation angles under the GFP curve (see Methods). Two of
these map topographies, MapLAT and MapOBT, are shown as ﬂat-
tened scalp topographies in (b). (b) The duration of MapLAT and
MapOBT in the time-window 350–410 ms in the OBT condition
(LAT condition not shown). The duration of MapOBT was corre-
lated with the rotation angle in the OBT condition, but not in
the LAT.
Figure 4.
EP mapping of the OBT for the three different perspectives. (a)
Segments of stable map topographies with a dependence of their
duration of the perspective and rotation angle [see (b) for a ﬂat-
tened view of the EP maps] in the OBT for all rotation angles
and perspectives. These are the results of the second segmenta-
tion, which conﬁrms that at 330 ms brain activity speciﬁc to
OBT depends on the rotation angle, but also allows for an
investigation of the effects of the visuo-spatial perspective. (b)
The durations of MapPERS, see green segment in panel (a), in the
time-window 214–330 ms for the elevated (cyan), eye-level
(red) and lowered perspective (black). MapPERS is shorter in the
elevated perspective for humanoid ﬁgures as seen from behind.
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linear inverse solution localized MapPERS to the bilateral
posterior temporal lobe (Fig. 4b).
Finally, the second segmentation yielded the map
MapOBT2 at 330 ms (Fig. 4a, red segment), which was simi-
lar to map MapOBT (cf. Fig. 3b) and its duration from 330
to 420 ms also dependent on the rotation angle (interaction
of map  rotation angle in a repeated measures ANOVA
with the effects perspective, map and rotation angle, P ¼
0.02, similar to MapOBT for 350–410 ms) but did not distin-
guish between the perspectives (interaction of map and
perspective, P ¼ 0.38). It is worthwhile to notice the
appearance and similarity of MapOBT2 with MapOBT in the
second segmentation. This is because these data show that
the segmentation procedure produces reliable and repro-
ducible results, even when different sets of EPs are
compared (segmentation 1 vs. 2) with the clustering proce-
dure. The k-means segmentation [Pascual-Marqui et al.,
1995] proceeds by grouping similar time frames in the
group-averaged EP into stable segments and aims to mini-
mize the reconstruction error of the original EPs. It is con-
ceivable that MapOBT appeared in the ﬁrst segmentation of
the clustering method due to the fact that the EPs in the
OBT were segmented together with the EPs for the control
condition (LAT). In particular, the emergence of MapLAT
could be due to processes due to the planning or execution
of the motor response in the LAT. Accordingly, MapOBT
may have emerged due to these motor differences and not
related to the mental transformation per se. However, the
timing of MapOBT is congruent with many previous EP
studies on metal transformations using a large variety of
control conditions in EP work [i.e. Arzy et al., 2006] and
coincides temporally and anatomically with effects of a
transcranial stimulation study [Blanke et al., 2005]. Most
importantly, the presence of both maps (MapOBT,
MapOBT2) in the time period from 330 to 420 ms (350–410
and 330–420 ms, respectively), the dependence of their
durations on the rotation angle, and the appearance of a
related map during our response-locked analysis (see next
section), suggest that a process related to the mental trans-
formation, independent of the perspective, takes place
during this time period.
Response-Locked EP Mapping: Duration of Brain
Activity Related to Own Body Transformations
Depends on Rotation Angle
The differences in RT in the OBT between the 0 and
180 mental transformation conditions (Fig. 2a) are almost
an order of magnitude larger than the differences in the
duration of the MapOBT or MapOBT2 (Fig. 3b). Thus, the
processes reﬂected by these maps do not fully account for
the RT differences between these different rotation angles.
Moreover, other maps occurring earlier or later than
MapOBT (or MapOBT2) obtained by the ﬁrst or second seg-
mentation did not show any signiﬁcant dependence on the
rotation angle. This could be due to the fact that the men-
tal own body transformations are carried out in the brain
by means of multiple brain areas, also at different laten-
cies, such that the stable map topographies we described
at 330–420 ms reﬂect only the ﬁrst step in a series of proc-
essing steps, which may also involve other cortical struc-
tures at different times after stimulus onset such as, for
example, the motor cortex [Georgopoulos et al., 1989; Wex-
ler et al., 1998]. It is conceivable that different analysis
techniques could reveal such later activations accounting
more fully for our participants’ behavior.
As a ﬁrst step toward such an analysis we computed
response-locked EPs (Fig. 5a). As in the ﬁrst segmentation
(see Fig. 3a), we here averaged over the different perspec-
tives and consider the differences in brain activity between
the OBT and LAT. This analysis revealed a map,
MapOBT-MOTOR (red segment), that appeared only in the
OBT, but not in the LAT. The duration of MapOBT-MOTOR
was dependent on the task and the rotation angle (interac-
tion of map, task, and rotation angle in a repeated meas-
ures ANOVA, P ¼ 0.003) and increased in duration only
in the OBT with the rotation angle (as did MapOBT, Fig.
5a). MapOBT-MOTOR appeared 150 ms before the response
was given, started earliest in conditions with large rotation
angles and continued through the motor response. The
map topography of MapOBT-MOTOR showed a pronounced
fontal negativity, comparable to MapOBT. However, areas
of positive EPs were observed over parietal and central as
compared with occipital electrodes (compare Figs. 3b and
5b). MapOBT-MOTOR was localized to the right posterior pa-
rietal cortex (as stimulus-locked MapOBT) and the inferior
parietal cortex (as stimulus-locked MapOBT, although the
right-sided activation did not extend into the temporal
lobe, but towards frontal cortex). There was an additional
right midtemporal activation and in comparison to the
stimulus-locked MapOBT, MapOBT-MOTOR showed less or
no occipital and no premotor involvement.
DISCUSSION
We have investigated the behavioral and neurophysio-
logical correlates of mental own body transformation
(OBT). First, we were interested in describing the brain ac-
tivity related to OBT processing in greater detail by testing
a large range of rotation angles between the depicted and
the subject’s body. Second, we were in particular inter-
ested in the effects of an elevated perspective on brain
activity in such transformations. Reports of spontaneous
OBEs [Blanke and Mohr, 2005; Blanke et al., 2004; Brugger
et al., 1997; Devinsky et al., 1989] suggest a preference for
an elevated perspective in disembodied mental states.
Thus we tested if this preference expands to OBT which
mentally mimic such states. Extending our previous be-
havioral and electrical neuroimaging work we ﬁnd that
RTs were dependent on the rotation angle and fastest
when an OBT was done from an elevated perspective
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which was also reﬂected in stimulus-locked brain
activation.
Mental Own Body Transformations Depend on
the Rotation Angle
The time period of stimulus-locked brain activity associ-
ated with the rotation angle during OBT in the time period
330–420 ms is compatible with previous EP data for
mental transformation of nonbodily objects (300–600 ms,
[Pegna et al., 1997; Harris and Miniussi, 2003]), mental
transformations of body parts (280–400 ms, [Overney et
al., 2005]) and full human bodies (330–450 ms, [Arzy et al.,
2006; Blanke et al., 2005]). The present data extend the lat-
ter by showing that—when tested with many rotation
angles—the duration of this brain activation increases with
the rotation angle reﬂecting the behavioural mental trans-
formation curves. Accordingly, we suggest that brain ac-
tivity in posterior parietal, temporoparietal and frontal
cortex represents aspects of the mental body transforma-
tions encoding the rotation angle of the body, independent
of the perspective. Our ﬁnding of temporoparietal activa-
tion is compatible with the results of earlier EP and electri-
cal neuroimaging studies [Arzy et al., 2006, 2007; Blanke
et al., 2005] and fMRI [Zacks et al., 1999]. Activations in
the present study also included the right posterior parietal
cortex, an area, whose implication has been found in most
studies testing mental transformations, especially of non-
bodily objects [i.e. Harris et al., 2000; Jordan et al., 2001;
Podzebenko et al., 2002; Richter et al., 2000]. Finally, fron-
tal activations found in the present study have also been
revealed in previous mental transformation studies, espe-
cially when using stimuli that depict graspable nonbodily
objects or human bodies [Georgopoulos et al., 1989; Kosslyn
et al., 1994]. Future EP work will have to show whether
some of these activations during this time period reﬂect
activations related to general mental transformation proc-
esses (i.e. active for nonbodily objects, body parts, and full
human bodies) or to more specialized processes (i.e. only
for full human bodies).
Elevation of Perspective is Associated With
Activation in Posterior Temporal Cortex
The RT differences in our experiment suggest that own
body transformations are facilitated when performed from
an elevated perspective. In particular, we found that RTs
were fastest in OBTs from an elevated perspective, which
was also reﬂected in stimulus-locked bilateral posterior
temporal activation at 210 ms that was signiﬁcantly shorter
Figure 5.
EP mapping of response-locked EEG signals in the OBT and LAT.
(a) Segments of stable map topographies in the OBT with EPs
computed locked to the response of the participants and aver-
aged over all perspectives. This segmentation yielded a MapOBT-
MOTOR only in the OBT, but not in the LAT, and hence conﬁrms
that brain activity after the initial stimulus-locked EPs (see Fig.
3a) differs between the OBT and LAT. (b) Similar to MapOBT the
duration of MapOBT-MOTOR was longer for higher rotation angles,
which suggests the presence of at least one more mental trans-
formation process in addition to the activity we described at
330 ms.
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for OBTs from the elevated perspective (as compared with
the lowered perspective, but only for less demanding rota-
tion angles). This was even found compared with the eye-
level perspective and thus for the perspective from which
we mostly see in everyday life, suggesting that under
some conditions brain processing is facilitated for the ele-
vated perspective. This is compatible with a preference for
an elevated perspective in disembodied mental states.
While the distinction between egocentric (’’embodied‘‘)
and allocentric (’’disembodied‘‘) perspectives has attracted
much interest in the context of memory and spatial repre-
sentation [Burgess, 2006], surprisingly few studies [i.e.
Vogeley et al., 2004] have investigated such distinctions in
the context of mental imagery. The present data suggest
that the elevated perspective (‘‘bird’s eye’’ view), may not
only play an important role in spatial navigation, path
integration, and map reading [Burgess, 2006; Vidal et al.,
2004], but also in own body transformations and the bod-
ily self as well as spatial navigation [Arzy et al., 2006;
Blanke et al., 2005; Ruby and Decety, 2001].
Vogeley et al. [2004] investigated the effects of an ele-
vated perspective in comparison with an eye-level per-
spective or vantage point, but failed to ﬁnd signiﬁcant
differences in RTs and brain activation as measured by
fMRI between both conditions. The RT difference in our
study were signiﬁcant, but of the order of 30 ms. Hence,
subtle task differences could explain the discrepancy
between our behavioral data and those of Vogeley et al.
[2004]: While we used a body-related decision, Vogeley
et al. [2004] used an environment-related decision (balls as
seen from the imagined position and perspective). More-
over an effect of perspective could have been masked
since Vogeley et al. [2004] averaged over different rotation
angels while we have shown that the perspectival effects
are strongest for the less demanding rotation angle. In
addition, effects of early and task-independent visual proc-
essing related to perspective needs to be considered, espe-
cially since the perspectival neural differences were found
relatively early (210 ms) as compared with the mental
transformation processes (330 ms). However, since the
RTs depend only in the OBT (and not in the LAT) on the
perspective it is unlikely that this accounts for the short-
ened RTs and neural changes for the elevated perspective.
Response-Locked Data Analysis
We also analyzed the response-locked EPs in order to
use a new methodological approach to further characterize
the neural correlates of the mental transformation process
in the OBT. We performed such an analysis, because
behavioural [Sirigu and Duhamel, 2001; Wexler et al.,
1998], brain imaging [Porro et al., 1996] and data from
monkey physiology [Georgopoulos et al., 1989] suggest an
involvement of motor cortex in the mental transformation
of objects or bodily imagery. A methodological motivation
for this response-locked analysis was the fact that the dif-
ferences in the RTs between the least and most demanding
rotation angles were almost a magnitude larger than the
differences in the duration of MapOBT. Hence, it is likely
that the brain processes reﬂected by MapOBT may repre-
sent only one step in a longer series of processing steps
related to the own body transformation. The response-
locked EP mapping revealed a distinct brain activation,
MapOBT-MOTOR, which was only present in the OBT, but
not in the LAT and that was correlated with the rotation
angle in the same way as MapOBT, i. e., longer duration
corresponded to larger rotation angles. This supports the
idea that brain activity at 330 ms is only an initial step in
the mental transformation process (MapOBT), followed by
subsequent processing steps (like MapOBT-MOTOR) ending
at the motor response (750 ms, Fig. 2a). Since we did not
observe differences in brain activity between LAT and
OBT before 330 ms, but only after 330 ms as well as
before the button press, we argue that the participants in
our experiment were in a mentally embodied state at the
beginning of each trial in both tasks, but changed into a
mentally disembodied state at 330 ms after stimulus
onset and remained in this state until the motor response.
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